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infection depended, for instance, on 
cell-cell contact with a limited number of 
virus-presenting cells (for example, den
dritic cells; ref. 6) in the lymphoreticular 
system, productive viral infections would 
begin to occur at a very high rate as 
drug-resistant strains spread through the 
population of antigen-presenting cells, 
each of which infects a large number of 
CD4 + T cells. Once most virus-presenting 
cells in a lymphoid organ are infected, the 
kinetics of virus production will dominant
ly reflect the rate of replacement of infect
ed CD4 + T cells by uninfected cells at the 
loci of effective contact with virus-pre
senting cells, and will occur at a much 
slower rate. Under such a scheme, limit
ing the spread of HIV-1 infection within 
the virus-presenting cell population would 
represent a promisin~ approach to the 
therapy of HIV disease . 
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Paradox remains 
SIR - The articles by Ho et al. 1 and Wei et 
al.2 have been hailed as providing crucial 
new information that clarifies the enigma 
of HIV-mediated pathogenesis (see, for 
example, refs 3, 4). To the extent that they 
have estimated equilibrium rate constants 
and provided an explanation for rapid 
development of drug resistance, these 
studies1

·
2 do provide new and important 

information. But the central paradox of 
AIDS pathogenesis remains. 

The new studies on the dynamics of 
HIV infection demonstrate that the 
underlying rate of virus production is still 
4-20 times lower than the rate of cell 
turnover. Because each infected cell pro
duces many virions, and a high proportion 
of them are known to be defective, there 
is about 100-1,000-fold more cell death 
than can be accounted for by the observed 
rate of virus production5

• It is a murder 
scene with far more bodies than bullets. 

Instead of addressing this discrepancy, 
the authors1

•
2 suggest that "virus must be 

underestimated", or that many more 
infected cells must be hiding in deep lym
phoid organs where they cannot be 
observed. Taken at face value, however, 
these data demonstrate that the CD4 lym
phocyte population is highly activated, 
and that the fate of uninfected cells may 
be much more important than that of 
infected cells in AIDS pathogenesis. This 

196 

view is consistent with observations that 
the rate of spontaneous apoptosis in the 
peripheral lymphocytes of HIV-infected 
individuals is both sharply elevated and at 
least 10-100-fold higher than the frequen
cy of productively infected cells6 

Ho et al. suggest the analogy of a sink, 
with the tap and drain both equally wide 
open, which eventually empties because 
the "regenerative capacity of the immune 
system (the tap) is not infinite" and can
not quite keep up. However, the differen
tial between the tap and drain is extremely 
small (20-200 x 106 cells per day) com
pared with the overall flow rate (2 x 109 

cells per day), and must remain relatively 
fixed for an average of 10 years, as CD4 + 

cell loss is roughly linear throughout most 
of the natural history of HIV infection7

• 

Further, this model would predict no CD4 
loss until virus production exceeded a crit
ical threshold, and then an accelerating 
cell loss as the virus burden increases. 

A more plausible explanation for these 
data is that a mechanism that finely regu
lates CD4 replacement makes a slight 
error, resulting in the failure to com
pletely replace the cells (infected and 
uninfected alike) which are lost through 
programmed cell death, the natural con
sequence of immune activation. We have 
argued that this is exactly what would be 
expected if the immune system were 
exposed to a persistent co-stimulatory T
cell signal caused by the interaction of 
gpl20 with CD4 (ref. 8). This extra signal 
causes the control mechanism to sense an 
elevated state of immune responsiveness 
and downregulate the recovery of "memo
ry" cells to prevent growth of the immune 
system9

• The result would be an inex
orable but steady decay based on this dif
ference in probability of survival. 

Maddox4 wonders "why, after more 
than a decade of research, has it only now 
emerged that the response of the 
immune system to infection by HIV is 
hyperactivity rather than the opposite?". 
The answer to this question is that those 
who would see AIDS as a more-or-less 
conventional viral infection have consis
tently refused to recognize the paradoxes 
that are clearly evident in the experimen
tal data. The problem continues. 
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SIR - D. Ho et al. (Nature 373, 123-126; 
1995) state that HIV decay slopes ( clear
ance rate constants) are independent of 
the initial viral loads, and that the slopes 
do not correlate with the initial CD4 lym
phocyte counts. They conclude that the 
viral decay slope is not dependent on the 
stage of HIV-1 infection (their Fig. lb). 

But regression analysis of the same 
data shows that the correlation between 
HIV RNA (copies per ml) and the viral 
decay slopes is 0.17, with a P value of 0.47. 
When we stratify study subjects' viral 
decay rates according to levels of HIV 
RNA with a cut-off point of 100 ( <JOO 
versus ""100), however, the viral decay 
rate in the stratum with lower RNA is sig
nificantly different from that in the stra
tum with higher RNA (Kruskal-Wallis 
test: P = 0.048). The median of the viral 
decay rate in the lower RNA stratum was 
- 0.28, while the median in the higher 
RNA stratum was - 0.38. A univariate 
linear regression analysis shows that the 
dichotomous variable RNA ( <100 versus 
"" 100) was significantly associated with 
the viral decay rate (P = 0.026). These 
analyses suggest that when RNA copies 
were at higher levels, the viral decay 
slopes would be higher. In other words, 
the viral decay slope is a function of many 
factors, including initial viral load and the 
stage of HIV infection. 

Ho et al. also state that the slopes are 
inversely correlated with the baseline CD4 
counts. Exponential modelling of CD4 
increases reveals that the slopes are 
inversely correlated with the initial CD4 
lymphocyte counts; the authors conclude 
that the CD4 lymphocyte depletion seen 
in AIDS is primarily a consequence of the 
destruction of these cells induced by 
HIV-1, not a lack of their production. The 
increase in CD4 lymphocyte counts fol
lowing ABT-538 administration was also 
modelled linearly and the authors claimed 
that although their two sets of analyses 
(modelling both exponential and linear 
increases) do not yield identical numerical 
results, they are in close agreement and 
emphasize the same qualitative points 
about HIV-1 pathogenesis. 

Based on our univariate linear regres
sion analysis, the slope of increase gener
ated by an exponential growth model is 
significantly and inversely associated with 
the baseline CD4 counts (P = 0.01). Nev
ertheless, the slope of increase generated 
by a linear production model was not sig
nificantly correlated with the baseline CD4 
(P = 0.17). After adjusting for the viral 
loads, measured by HIV RNA, both the 
linear and exponential slopes seem to be 
correlated with the baseline CD4 counts, 
but in opposite directions. With the slope 
obtained from a linear production model, 
the slope was, although borderline, signif
icantly and positively associated with the 
baseline CD4, after controlling RNA lev
els (P = 0.06). This implies that the slope 
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